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Passive transfer of Heymann nephritis with serum. Transfer of
the lesions of Heymann nephritis has been accomplished with
serum. The donors had been injected with homologous renal
tissue in Freund's adjuvant and, in addition, with B. pertussis,
a procedure that results in unusually severe disease. Typical
glomerular lesions with granular subepithelial deposits of IgG
and 91C, were demonstrated in recipient rats within eleven days
after the first injection of donor serum. Transfer was also accom-
plished with 7S fractions of donor serum. The results are inter-
preted as indicating that the recipient lesions result not from
transfer of immune complexes, but rather of free antibody, which
combines with circulating antigen in the recipient, possibly
forming soluble complexes in antibody excess.
Le transfert passif du nephrité de Heymann avec le serum. Le
transfert des lesions du nephrité de Heymann a été accompli avec
le serum. Les donneurs avient recu des injections de tissue renal
homologue mélanges a des adjuvants de Freunds, ainsi que de B.
pertussis, un procedé qui produit une maladie exceppionnelle-
ment sévére. Des lesions glomerulaires pypiques de dépôts
granulares sous épithéliaux d'IgG et de fl1C, ont été démontrees
chez les rats recipients onze jours après l'injection initiale du
serum. Le transfert a été aussi accompli avec Ic fraction 7S du
serum des donneurs. Les resultats font interpertés comme indi-
cation que les lesions rénales recipients ne resultent pas du
transfert des complexes immuns, mais plutôt des anticorps
libres, lesquelles combines avec des antigènes circulant dans le
recipient, peuvrent former des complexes soluble en presence des
anticorps en excés.
In 1959 Heymann and his associates described an ex-
perimental form of glomerular disease, produced in rats by
immunization with homologous kidney in adjuvant [1].
The disease is manifested by only equivocal or slight changes
in histologic sections, principally capillary wall thickening,
but it is readily recognizable on the basis of characteristic
immunofluorescence or electron microscopic findings,
namely, granular deposits of immunoglobulins and com-
plement all along the glomerular basement membrane or
electron dense deposits on the epithelial side of the base-
ment membrane.
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On the basis of studies by Glassock et al [2] the pathogen-
esis of Heymann nephritis is thought to be as follows:
immunization with renal tissue results in the formation of
kidney-specific autoantibodies, one of which is directed
against a lipoprotein normally present in the brush border
of proximal convoluted tubular cells; this material is
presumed to enter the circulation in small amounts, where
it combines with autoantibody to form complexes, some of
which deposit in glomeruli to induce disease. If this ex-
planation is correct, it might be possible to transfer the
condition with serum. However, such attempts have been
unsuccessful [3, 4]. On the other hand, it has been reported
that the disease can be transferred with lymph node cells,
and therefore it was suggested that cellular immunity might
be involved in the pathogenesis of the lesions [3, 4]. How-
ever, in these studies the characteristic glomerular abnor-
malities seen by immunofluorescence or electron micro-
scopy were not documented in the recipients. Although
transfer experiments utilizing parabiosis have been success-
ful it is not clear whether cells, antigen, antibody or
complexes were responsible [5, 6].
The present study was undertaken to determine if transfer
of the glomerular lesions would be possible using serum
from donors injected with homologous kidney in Freund's
complete adjuvant along with B. pertussis. It has been
shown that this procedure of immunization results in un-
usually severe disease [7], and therefore, it seemed possible
that successful transfer might be achieved.
Methods
Serum for passive transfer. Female rats weighing 150 to
200 g were used. Sprague-Dawley and Wistar rats were
purchased from the Holtzmann Company, Madison, Wis-
consin; Buffalo rats from Microbiological Associates,
Bethesda, Maryland; Fisher rats from Simonsen Labora-
tories, Inc., Gilroy, California.
Kidneys, livers and spinal cords were removed from
normal Sprague-Dawley rats, washed free of blood and
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homogenized in an equal volume of phosphate-buffered
saline, pH 7.3. The tissue suspensions were stored at
—20° C until used. Rats were immunized with different
antigens as shown in Table 1. The method of immunization
has been previously described [7]. Two hundred Sprague-
Dawley and 20 Buffalo rats were each injected with 0.05 ml
of a 50% kidney suspension incorporated in Freund's
complete adjuvant into each foot pad and with 0.025 ml
of pertussis vaccine into the dorsum of each paw. Twelve
Sprague-Dawley rats were similarly injected with liver
suspension and another 12 with spinal cord suspension. All
rats were injected a second time with the same preparation
six weeks later and were sacrificed eleven weeks after the
initial injection. The sera were pooled and stored at —20° C
until used.
Sera of normal Sprague-Dawley, Fisher and Buffalo rats
were obtained by heart puncture.
Fractionation of serum. Sera from rats with Heymann
nephritis were fractionated using the following two pro-
cedures: 1) Sucrose density gradient ultracentrifugation
[8]. A sucrose gradient from 10 to 40% was prepared and
0.5 ml of serum was layered on it. After centrifugation for
18 hours in a SW-39 rotor at 35,000 rev/mm, a small
puncture was made in the bottom of the tube and 3-drop
fractions were collected. Forty-five ml of serum were frac-
tionated in this way. Using optical density curves at 280 mis
as a guide, four pools were made (Fig. 1). 2) Column
chromatography. The serum was passed through a Sepha-
dex G-200 column. A total of 45 ml of serum was frac-
tionated by this procedure. Each fraction was pooled in two
parts (Fig. 1). Each of the pooled fractions was concentrated
to the original volume of serum in dialysis tubes under ne-
gative pressure and this volume divided into five aliquots.
Passive transfer using whole serum. Three ml of serum
obtained from groups of donors were injected intraperi-
toneally every other day into normal Sprague-Dawley
recipients for a total of five or seven injections (Table 1).
The animals were unilaterally nephrectomized on either the
11th or 29th day after the first injection. In seven rats, a
wedge biopsy of the contralateral kidney was performed on
the 63rd day and they were then sacrificed on the 119th
day. The other rats were sacrificed on the 119th day or
140th day.
Passive transfer using various fractions of serum. Three ml
of each of the four fractions of serum prepared by means of
sucrose density gradient ultracentrifugation were injected
intraperitoneally into each of three normal Sprague-
Dawley rats every other day for a total of five injections.
Similarly the 7S and 1 9S serum fractions, prepared by means
of column chromatography, were injected into groups of
Table 1. Protocol for passive transfer of Heymann nephritis into normal rats using serum
Donor Recipient
Strain immunized with Group
No.
Strain No. of
rats
Total volume of
serum injected, rnl
1
2
SDa
SD
9
4
15
21
SD SD kidney 3
4
5
SD
Buffalo
Buffalo
3
3
4
15
15
21
Buffalo SD kidney 6 SD 3 15
SD SD liver 7 SD 4 15
SD SD spinal cord 8 SD 4 15
SD none 9 SD 4 21
SD none 10 Buffalo 4 21
Fisher none 11 SD 4 15
Buffalo none 12 SD 4 15
a SD= Sprague-Dawley rats.
b Rats of Group 3 were injected intravenously; all other rats were injected intraperitoneally.
Sucrose density gradient
ultracentrifugation (A)
Sephadex G-200
gel filtration (B)
E
00
03
0)a
.a
C-0
0)0
0
.0
.a
.0
.0
C.)
0)
Fig. 1. Serum of a Sprague-Dawley rat with Heymann nephritis
fractionated by Sephadex G-200 ge/filtration (A) and by sucrose
density gradient ultracentrifugation (B). Bars indicate intensity
of staining of the brush border of rat kidney.
5 10 15 10 20 30 40 50
Fraction number Fraction number
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three animals. One kidney was removed on the 11th day
after the initial injection. All rats were killed on the 63rd
day.
Examination of urine. Urine was collected at weekly
intervals over 20 to 24 hour periods using individual meta-
bolic cages and allowing only water ad libitum. Urinary
protein was determined by the method of Shevky and
Stafford [9].
Light microscopic study. For routine histology, kidney
tissue from all animals was fixed in 10% buffered formalin.
Sections were stained with hematoxylin and eosin, PAS
and PAS-silver methenamine.
Immunofluorescence studies. Immunofluorescence studies
were performed as previously described [7]. For detection
of anti-kidney antibody, the indirect immunofluorescence
technique was used.
Electron microscopic studies. The specimens of kidney
tissue were fixed in Palade's buffered osmium tetroxide and
embedded in Epon 812. Sections 0.5 t thick, cut from these
blocks, were stained with azure II and examined by light
microscopy. Thin sections for electron microscopy were
stained with lead hydroxide, uranyl acetate, or a combi-
nation of both and were examined with a Siemens 101
electron microscope.
Nephritis in donor rats
Results
Of the 200 Sprague-Dawley rats injected with homologous
kidney suspension incorporated in Freund's complete ad-
juvant along with pertussis vaccine, 140 were examined for
proteinuria and in 105 abnormal amounts of protein (over
20 mg/day) were found. All 40 rats studied by immuno-
fluorescence showed characteristic glomerular deposits of
IgG and /31C (Fig. 2). The histological and electron micro-
Fig. 2. Donor rat 11 weeks after the first injection of kidney
suspension. Frozen kidney section stained with a fluorescein-
labeled antiserum to rat IgG. Large granular deposits along the
glomerular capillary walls can be seen. x 400.
scopic findings in the kidneys of these animals were similar
to those previously described [7] and were characterized by
capillary wall thickening and by electron dense deposits
along the outside of the basement membrane (Fig. 3). Renal
abnormalities were not found in rats which were injected
with spinal cord or liver suspension.
In vitro binding of serum antibodies to normal kidney
sections. Pooled sera from Sprague-Dawley rats with Hey-
mann nephritis produced bright staining of the apical por-
tion of the epithelial cells of the proximal convoluted tubules
(brush border) by indirect immunofluorescence. Serum
fractions were also tested. Fractions containing the 7S
globulins produced bright staining of the brush border;
the 19S fractions obtained by sucrose density gradient
centrifugation produced very faint staining whereas the 19S
fraction obtained by gel filtration produced no staining
(Fig. 1).
Sera from Buffalo rats immunized with Sprague-Dawley
rat kidney produced cytoplasmic staining of the epithelial
cells of the proximal convoluted tubules, but only faint
staining of the brush border. Sera of rats immunized with
liver or spinal cord and normal rat sera did not produce any
staining of the kidney. None of the sera reacted with gb-
merular or tubular basement membrane.
Findings in recipients of whole serum
Immunopathologic findings in the kidneys. No abnormali-
ties were detected by light microscopy in any group. By
immunofluorescence, typical granular deposits of IgG and
often of 131C were found along glomerular capillary walls
of the recipients in Groups I to 5, which received serum
from donors with Heymann nephritis (Table 2). It is of
interest that fl1C was detected in only one of seven Buffalo
rats (Groups 4 and 5), although they all had IgG deposits,
which appeared to be as intense as in Sprague-Dawley rats.
In general the staining for TgG and fl1C was not as intense
in the recipients as in the donors, and the deposits appeared
smaller (Fig. 4). Deposits of IgG were still present in some
animals at day 119, but were no longer demonstrable at
day 140. Deposits of IgG and fl1C were not seen in Groups
6—12 (which include recipients of serum from Buffalo rats
immunized with kidney, Sprague-Dawley rats immunized
with liver or spinal cord and nonimmunized rats). Electron
dense deposits were detected on the epithelial side of the
glomerular basement membrane in all 11 of the recipients
of serum from donors with Heymann nephritis (Groups 1
to 5) which were studied by electron microscopy. In most
cases the deposits were rather small and infrequent, but in
general all gbomerular capillary loops were involved
(Fig. 5). Occasionally, deposits were noted in the basement
membrane itself. No mesangial deposits were found. None
of the rats receiving sera from donors immunized with
liver or spinal cord (Groups 7 to 12) showed any ultra-
structural gbomerular abnormalities.
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Fig. 3. Electron micrograph of a kidney obtained from a rat 11 weeks after the first injection of kidney suspension. Disappearance of the
foot processes of epithelial cells (EP) and electron dense deposits (*) on the epithelial side of the basement membrane are present
(BM). CL= capillary lumen. x 13,000.
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Table2. Passive transfer of Heymann nephritis with serum: Immunofluorescence studies
Recipient
Results of Immunofluorescent Staining
Day 11b Day 29b Day63b Day 119b Day l4O
IgG fl1C IgG fl1C IgG flC IgG fl1C IgG fl1C
1 9/9° 3/90 5/5 3/5 4/4 1/4 0/4 0/4
2 4/4 1/4 2/4 0/4
3 3/3 NDU 2/3 0/3
4 3/3 0/3 1/1 1/1 2/2 0/2
5 4/4 0/4 3/4 0/4
6 0/3 ND 0/3 0/3
7 0/4 ND 0/4 ND
8 0/4 ND 0/4 ND
9 0/4 ND 0/4 ND
10 0/4 ND 0/4
11 0/4 ND 0/4 ND
12 0/2 ND 0/2 ND 0/2 ND
a See Table 1 for definition of groups.
Renal tissue was obtained by biopsy or autopsy on the days after the first injection as indicated.
C Numerator indicates number of animals with positive findings; denominator indicates number of animals tested for in vitro bound
IgG or /31C.
d Not done.
Findings in recipients of serum fractions
On the 11th day, all three rats which received the 7S
fraction obtained by Sephadex G-200 chromatography
showed bright staining for IgG in a typical granular pattern
along the glomerular capillary walls with corresponding
electron dense deposits; these findings persisted for at least
63 days (Table 3). Two of three rats which received the
I 9S fraction showed very faint and focal granular staining.
No electron dense deposits were found in these animals. On
the 63rd day, none of the rats which received l9S fraction
showed any staining.
On the 11th day, all three rats which received fraction 111
obtained by sucrose density gradient ultracentrifugation,
Fig. 4. Recipient rat 11 days after the initial injection of serum.
Frozen kidney section stained with fluorescein-labeled antiserum
to rat IgG. Fine granular deposits along the glomerular capillary
walls in a pattern similar to that seen in donor rats are present.
x 400.
Table 3. Passive transfer of Heymann nephritis with serum
fractions: Immunofluorescence studies
Sephadex
G-200 Rat No. Day 11 Day 63
7S fraction 1
2
3
+ +
++
++
+
+
++
19S fraction I
2
3
—
—
—
Sucrose density
gradient Rat No. Day 11 Day 63
Fraction I 1
2
3
—
—
—
—
—
—
Fraction II 1
2
3
—
—
—
—
—
—
Fraction III 1
2
3
+
+
+
—
—
—
Fraction IV 1
2
3
—
—
—
—
—
—
which contained the 7S immunoglobulins, showed charac-
teristic granular deposits of IgG along the glomerular cap-
illary walls and electron dense deposits on the epithelial
side of the basement membrane (Table 3). On the 63rd day,
the deposits were no longer demonstrable. The rats which
received fractions I, II and IV, which contained the 19S,
7—19S and albumin fractions respectively, did not show
staining for IgG or electron dense deposits.
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Fig. 5. Electron micrograph of a kidney obtained from a rat 11 days after the initial injection of serum. Several subepithelial deposits
are present. X 11,000.
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The rats which received Sephadex G-200 or sucrose den-
sity gradient fractions from serum of donors immunized
with liver or spinal cord did not have any IgG deposits in
their glomeruli.
Abnormal proteinuria
Only a few rats showed slightly greater than normal
amounts of protein in their urine, even when they received
21 ml of serum. Rats receiving serum from donors injected
with spinal cord or liver did not develop abnormal pro-
teinuria.
Discussion
In the present study it was shown that the lesions of
Heymann nephritis can be reproducibly induced in normal
rats by transfer of serum from donors with the disease. The
success of the transfer may have depended upon the use of
serum from donors immunized with renal tissue in Freund's
adjuvant and with pertussis vaccine, a procedure which has
been shown to result in unusually severe disease [7]. It was
further shown that 7S serum fractions were capable of
transferring the disease, whereas 19S fractions were relative-
ly ineffective. It seems justifiable to conclude that the
"disease" was transferred, since the most characteristic
and basic feature of the glomerular abnormalities, namely,
the granular deposition of EgG and fl1C along the basement
membrane was found in the recipient. The absence of def-
inite histologic changes or marked proteinuria may indicate
that the process was not as severe as that generally found
in the donors, or that certain secondary pathogenic
mechanisms, upon which proteinuria depends, were not
fully active in the recipients.
The glomerular lesions in immune complex disease are
generally attributed to deposition from the circulation of
soluble complexes formed in antigen excess. However,
several observations seem to indicate that complexes re-
sponsible for Heymann nephritis are not present in antigen
excess in the circulation. First, since 7S fractions were
effective in eliciting lesions in recipients, it does not appear
that transferred complexes were responsible, but rather
that free antibody was transferred, which presumably
combined with circulating antigen in the recipient to form
the complexes which deposited in glomeruli. Consistent
with this interpretation is the fact that rats with Heymann
nephritis have circulating antibodies, demonstrable by
immunofluorescence, directed against the antigen involved
in the pathogenesis of the disease. It would therefore
appear likely that either the antibody is free in the circu-
lation and combines only intermittently with the antigen or
that the complexes are present in antibody excess. Such a
situation could arise if the antigen was present in only
minute amounts in the circulation or if the number of
antigenic determinants was extremely limited [10].
Of interest were the findings that the transfer was so
reproducible and the complexes were always deposited along
the epithelial side of the basement membrane or within the
basement membrane and not on the endothelial side of the
membrane or in mesangial regions. In contrast, we found
that rats given various doses of BSA (bovine serum albumin)
intraperitoneally and of anti-BSA intravenously (or vice
versa) only infrequently showed glomerular deposits, and
these were found only in mesangial areas (unpublished
observations). In earlier studies it was shown that the intra-
venous injection into mice of preformed complexes, pre-
pared with rabbit antibody, localized predominantly in
mesangial regions where they were generally associated
with acute inflammatory changes in glomeruli [11]. As
noted above, it may be that the complexes involved in Hey-
mann nephritis are present in antibody excess or that the
antigen has few determinants. In either case, the complexes
might be small (depending on the size of the antigen).
Although the molecular weight of nephritogenic antigen
has been estimated to be over 1,000,000, the size of material
in the circulation which combines with antibody is un-
known [12]. In other immune complex nephritides, locali-
zation may also occur predominantly on the epithelial
side of the glomerular basement membrane, as is the
case in many rabbits with chronic serum sickness, but other
patterns are also seen, namely along the endothelial side
of the basement membrane and in mesangial regions, as in
nephritis of NZB mice or in certain forms of viral immune
complex diseases. Further, various combinations of deposi-
tion may be seen. The factors responsible for localization
of different complexes in various parts of the glomerulus
have not been elucidated, but probably include not only
physical properties of the complexes, but host factors as
well, which might modify the permeability of the glomerular
basement membrane [13, 14].
The present findings support the prevailing view that the
glomerular lesions are mediated by humoral antibody and
do not require the participation of cell mediated factors.
However, in some actively immunized rats with Heymann
nephritis, interstitial mononuclear cell infiltration is found
and the possibility that this results from a cell mediated
response cannot be excluded at present.
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